So far several density profiles have been proposed to explain the contribution of dark matter (DM) halos to rotation curves of galaxies. In this work, without any assumption about the dynamics of the system, we apply a non-parametric method to reproduce the rotation curves of SPARC galaxies for a set of models type Core, Cusp and Core+Cusp (Fuzzy) which are the Pseudo Isothermal (Piso), NFW, Burkert, Spano, Schive, the soliton+NFW profile in the Fuzzy DM (FDM) model with one continuity condition on the density profile (SNFWC) and with two continuity conditions on the density profile and on the first derivative of the density (SNFWDC). A comparison of the rotation curve obtained using the non-parametric reconstruction method with the one obtained using the standard model fitting method, is performed by computing the distance between central curves (BDIST ) and the distance between 1σ errors bands (BD1σ). Besides, with statistics tools such as P -value, BIC, AIC, χ 2 red we do a model selection according with best values. Therefore, to do a model selection we stablish three conditions as a criterion to accept or reject models: the best BIC value; the lowest BDIST value and the lowest BD1σ value. We work with two groups of models. The first one is a comparison between Core and Cusp models (Piso, NFW, Spano and Burkert) and we show that Spano is the most favored model satisfying the above three conditions with the 60.87%. For the second group we select Core, Cusp and Fuzzy models (Schive, NFW, SNFWDC, SNFWC), finding that Schive model is in agreement in 43.75% with the above established conditions. Moreover according with the statistical tools and non-parametric reconstruction we are able to classify some of the galaxies as Core or Cusp.
I. INTRODUCTION
One of the main problems to solve in galactic dynamics is to determine the role of the DM halo whose first manifestation was observed in the measured rotation curves [1] . In the literature we can find a considerable amount of density profiles trying to explain the contribution of dark matter halos to the rotation curves (Burkert, Pseudo Isothermal, Spano, Einasto, Gaussian, Schive, to mention just a few profiles) [2] [3] [4] [5] [6] [7] [8] . Some of them have been obtained from N -body simulations of structure formation. These simulations can reproduce most of the characteristics of the universe at galactic scales, but not at smaller ones such as dwarf galaxies or satellite galaxies. This characteristics can be attributed to the importance of the baryonic part in the dynamics of structure formation. On the other hand, the cusp-core problem is manifested in the rotation curves of some galaxies where in the center of the dark matter halo has a core behavior ρ DM ∼ constant, which is in disagreement with the cuspy behavior predicted by the simulations, ρ DM ∼ r −1 . Furthermore, Schive et al. [9] obtained a density profile from a cosmological simulation which has an inner * Part of the Instituto Avanzado de Cosmología (IAC) Collaboration § E-mail:lfernandez@fis.cinvestav.mx † E-mail:amontiel@icf.unam.mx ‡ E-mail:marioalberto.rodriguez@inin.gob.mx soliton-like profile (SFDM) and the asymptotic NFW decline in the outer points, called Fuzzy, wave or ultra-light axion DM [10] .
Each density profile or model of rotation curves assumes a specific functional behavior in the configuration space being the parameters of the theory constrained or determined by observational data using fitting data analysis like minimizing the χ 2 or by using bayesian methods like Monte Carlo-Markov Chain method. In contrast, it is possible to obtain model independent information directly from observations using non-parametric methods [11] [12] [13] [14] [15] [16] [17] . In the latter scenario, it is assumed a correlation between each data point but is not required prior information about the functional form of the observable. Even more these techniques are very useful for building and checking parametric models, as well as for data description.
In this work, we use a powerful but simple nonparametric regression technique called Locally Weighted Scatterplot Smoothing (Loess) method originally introduced in [18] and further developed in [19] to reconstruct rotation curves of galaxies without assuming any prior or DM model. Loess recovers the global trend of data by using a weighted least squares by fitting a low-degree polynomial to a subset of the data, giving more weight to points near the point whose response is being estimated and less weight to points further away. Further, to take into account the measurement errors of data, we use the Simulation and Extrapolation method (Simex) [20, 21] . These methods were proposed to use them together in Cosmology in [22] obtaining a suitable success. Later, this technique was applied to reconstruct other cosmological quantities in [23] [24] [25] showing also good results.
Here we are primarily dedicated to study the influence of the galactic DM halo on the rotation curves applying the Loess+Simex method, for which we use a selection of galaxies from SPARC (Spitzer Photometry and Accurate Rotation Curves) [26] , whose main feature is that the contribution of dark matter is greater than 50% such that the structure of the rotation curve comes mostly from dark matter and not from baryonic information (gas and stars). We also perform a comparison of the χ 2 fitted velocity rotation curves with the non-parametric reconstruction method through the distance between central curves (B DIST ) and the distance between 1σ errors bands (B D1σ ). Besides, in our analysis we use statistics tools such as P -value, Bayesian information criterion (BIC), Akaike information criterion (AIC) and minimizing the reduced χ 2 in order to do a model selection according with the best values. In particular we work with two groups of models. The first one is aimed to compare between Core and Cusp models (Piso, NFW, Spano and Burkert) and the second group is aimed to compare Core, Cuspy, and Fuzzy models (Schive, NFW, SNFWDC, SNFWC). Therefore, to do a model selection among the groups we establish three conditions as a criteria to accept or reject models: the best BIC value; the lowest B DIST value and the lowest B D1σ value. Additionally, from the statistical tools mentioned before and the non-parametric reconstruction, we investigate a possible classification of galaxies as core or cuspy.
The structure of this work is as follows: in Sec. II we review the main idea behind the galaxies rotation curves and how was done the selection of galaxies from SPARC which we have worked with; in Sec. III we briefly summarize the Loess and Simex techniques; in Sec. IV, we present the statistical methodology to perform the model selection; in Sec. V we report and discuss our results and finally we end up with the conclusions in Sec. VI.
II. GALAXY ROTATION CURVES
Let us start by pointing out that we study rotation curves of galaxies within the weak gravitational field limit in order to investigate DM parameters.
The rotation curve is obtained from the absolute value of the effective gravitational force as:
where Φ(r) is the gravitational potential, M DM (r) is the mass halo for a DM distribution, V Disk and V Gas are the contributions of the stellar disk and gas disk velocities and Υ Disk is the stellar mass-to-light ratio of disk. The models we select to fit each rotation curve can be reviewed in the appendix A; there we show the explicit form of the density profile and the velocity function in every case we considered in this work.
Regarding the galaxy selection we are considering the baryonic contribution for each rotation curve (Disk and Gas), Υ Disk = 0.5 M /L at [3.6] and Υ Gas = 1.33 M /L ( [26] [27] [28] ).
On the other hand, in order to allow that the dark matter has a considerable contribution in the fit, we choose galaxies from SPARC where the percentage of dark matter meets 90 > %DM > 60 with %DM = (M DM (r max ) * 100)/(M Bar (r max )+M DM (r max )), M DM corresponds to the dark matter mass contribution for each model and M Bar to the total baryonic mass, both of them evaluated at the outer measured radius value of the rotation curve observational data (r max ).
With this selection of galaxies and using the values of the mass at the outer observed radius, we can classify them according to the dominant baryonic component, consequently, those dominated by gas are of the order of 83.3%, dominated by the stellar disk, 14.6% and 2.08% where the gas and the stellar disk contribute with the 50% from the total photometric information (NGC 0300, for example). However, according to the morphology of the galaxies and the Hubble classification, we have a galaxy selection where ∼ 33.3% are Sm, 27.08% Im, 20.83% Sd, Scd = Sdm = 6.25%, 4.17% Sc and 2.08% BCD [26] .
III. NON-PARAMETRIC RECONSTRUCTION METHOD
Recently, in [22] has been introduced a non-parametric reconstruction method based on Loess and a simple simulation algorithm that allows to display the effect of measurement errors on parameter estimates, Simex. In this section, we briefly review the main features of Loess and Simex.
Basis of Loess
Loess is a non-parametric method in the sense that the fitting is performed without having to specify in advance the relationship between the dependent and independent variables. At each point of the data set a low-degree polynomial is fit to a subset of this data, the polynomial is obtained by weighted least squares, giving more weight to points near to the point whose response is being estimated and less weight to points further away. The value of the regression function for the point is then obtained by evaluating the local polynomial using the independent variable value for that data point. The Loess fit is complete after regression function values have been computed for each of the n observational measurements. This whole process offers the possibility to get the full view of the global trend of the data, which is the original objective of the procedure. To obtain the graphical account of the re-lationship between dependent and independent variables, it is just required to join the reconstructed points with a line.
Here we work with observational data of rotation curves of galaxies, so that the radius or distance from the center of the galaxy, R, measured in kpc is our independent variable and the velocity, V , of the stars or gas particles of the galaxy in units of km/s, corresponds to the dependent variable.
In the following the main features of the method are briefly discussed. For further details we encourage the reader to see [22] and references therein.
i. Smoothing Parameter
The smoothing parameter, s, also called span determines how many data points should be used in each weighted least squares fit. The span ranges between 0 and 1 and controls the flexibility of the Loess regression function. Large values of s produce the smoothest functions that wiggle the least in response to fluctuations in the data but small values of s produce more irregular reconstructed curves, because the intrinsic noise and dispersion of data is fully captured. As in [22] , the election of the optimal value of the span s is done by using the cross-validation method.
ii. Weight Function As mentioned above, the weight function gives the most weight to the data points nearest the point of estimation and the least weight to the data points that are furthest away. The traditional weight function used for Loess is the tri-cube weight function,
However, any other weight function that satisfies the properties listed in [18] could also be used. Between the properties needed are that the weight function should be positive and that the treatment to the points to the left of x i is not be different from those to the right. In addition, it is desirable that w(x) decrease smoothly to 0 as x goes from 0 to 1. Among the weight functions that decrease to 0, normally the tricube function is chosen since provides an adequate smooth in almost all situations. Here, as in [22] , this weight function is used.
iii.
Degree of Local Polynomials
The idea behind Loess is to fit each subset of data using polynomials of a low degree after the weight function is applied. The polynomials are almost always of first or second degree and although higherdegree polynomials would work, it could cause overfit the data in each subset besides of higher computational cost without giving any significant improvement in the result.
iv. Confidence regions
To construct the confidence regions of the nonparametric regression, it is made an analogy with the standard least squares regression by using the local polynomial estimate, that results from the locally weighted least-squares regression of y on the x values in each chosen window, and by assuming normally distributed errors. In this way, the 68%-percent confidence interval and the 95%-percent confidence interval of the regression function can be constructed. For many more details see [22, 29] and references therein.
Basis of Simex
Simex is a simple simulation and extrapolation algorithm that allows to display the effect of measurement errors on parameter estimates, firstly proposed in [20, 21] .
Since the observational errors are not contemplated by Loess method, in [22] was suggested to use these two methods together as a valuable technique for visualizing complex relationships between cosmological quantities.
Basically Simex works as follows:
i. The method starts with the simulation step in which some additional error is added in each observation y i in the data set, with i = 1, ...n and n the number of data points, following the rule
where σ i is the measurement error variance associated to the observed data y i and the parameter λ acts as the controlling parameter for the amount added of σ i . We take, as in [22] , λ = {0.5, 0.6, 0.7, ..., 2.0} to simulate the new datasets.
ii. The last stage is the extrapolation step. After introducing the variable λ, the final measurement error variance associated with the simulated data points,
. So, it is necessary to take λ → −1, in order to return back to the original data without uncertainties and to trace the effect of the measured error in the original data. This is done via a regression analysis, using a quadratic polynomial, on the new datasets.
Up to this point, we have addressed briefly the features and free parameters of Loess+Simex method, however many more details of it can be found in Refs. [20] [21] [22] [29] [30] [31] [32] [33] [34] [35] and references therein.
IV. PARAMETRIC STATISTICAL METHODOLOGY
We have selected 48 galaxies from SPARC which have an important contribution of DM in the rotation curve in order to study, from the non-parametric and parametric point of view, the seven theoretical models that we have pointed out before. This section reviews how we perform the estimation of best fit parameters as well as the statistical tools used to perform the model selection.
Regarding the parametric approach, which focus on estimating the model parameters, we use a fitting code to minimize the reduced χ 2 red function,
where V obs and δV obs are the observed galaxy velocity rotation curve and its uncertainty at the observed radial distance r i ,θ are the N p fitting parameters of every model studied and N d is the total number of data. Remember that χ 2 red ∼ 1 is desirable for a good fit [36] . We also compute the P -value (χ 2 test) which gives us an indicator between the compatibility of the distribution data and the fitting model. If P > 0.95 this value indicates that we have a (> 95%) chance to find a result less close to the central data, but, if P < 0.05 then the data and the fitting model are incompatible and then we can reject the fitting model, but if P > 0.05 we can not reject the model [36] .
By virtue of we are comparing models with a different number of parameters, we compute the AIC (Akaike information criterion) and the BIC (Bayesian information criterion) to do the best model selection. In these statistical methods there is a penalty, which is applied to compensate for the obligatory difference in likelihoods due to the different number of parameters [37] . That is, if we have a model M j with a p j parameters, then
where 2l(θ j ) is the goodness-of-fit term and 2p j is the penalty of number of parameters. On the other hand, the Bayesian information criterion is defined as
where, as before, N d is the number of data points. The goodness-of-fit definition used in both cases is [38] 
where χ 2 j and δV 2 obs (r i ) describe the galaxy studied, Eq. (4), and are associated to the j-model.
AIC penalizes free parameters less strongly than does the BIC. BIC has a greater penalty for larger datasets and the AIC is independent of the sample size.
On the other side, regarding the nonparametric approach, we would like to recall we are using a technique which focuses on the fitted curve such that the fitted points and their errors are estimated with respect to the whole curve rather than a particular estimate and then the overall uncertainty is measured as how well the estimated curve fits the data.
Here, and due that Loess+Simex reconstruction has been used in an informal graphical way to assess the relationship between variables [22] [23] [24] [25] , in order to check the validity of an specific theoretical model by comparing with the nonparametric regression curve, we compute the distance between the best χ 2 fitted velocity curve and the velocity curve obtained by reconstruction and also the distance between the 1σ band from the best χ 2 fitted curve and the 1σ band from Loess+Simex one.
We define the distance (area) between curves as:
where V Loess (r) is the reconstruction velocity rotation curve from the data distribution, V model (r,θ) is the velocity function of each model characterized with their parametersθ. Notice we are normalizing the area between curves with A DATA , which is the area enclosing the velocity rotation data, including the error bars.
For the distance (area) between 1σ bands (model and Loess+Simex) we take into account the following cases:
• If there is not overlap between bands at a given R and the Loess 1σ band is above the model 1σ band, there we compute its contribution to the distance as
where V L Loess (r) is the lower curve of the Loess 1σ band and V U model (r,θ) is the upper curve of the model 1σ band. When the model 1σ band is above the Loess 1σ band, we use a similar expression.
• If there is overlap between the 1σ bands but one band is inside the other there δD = 0. In the contrary case and if V U Loess (r) > V U model (r,θ) the contribution to the distance is given by
Loess (r) the contribution to the distance is given by similar expression.
V. RESULTS AND DISCUSSION
In Table I we show the statistical results for Piso, NFW, Spano and Burkert models and for the galaxy selection of the SPARC catalog where DM is dominant.
For each model we report the χ 2 red , P -value, AIC, BIC, distance between the best fit velocity curve and the reconstruction with Loess+Simex (DIST), the distance between the 1σ band from the best fit and the 1σ band from Loess+Simex (D1σ). Also in columns 26-29 are shown the Best Model columns, according with the BIC value (B BIC ), the distance between the Loess+Simex reconstruction and the best fit curves (B DIST ), the distance between 1σ bands B D1σ and χ 2 red value. Columns 26-28 with models ordered according to the best values allow us to stablish three conditions as a criterion to accept or reject models. The ordering is as follows.
In the table we associate a number (1-4) to each model, and for column 26 and according with the best BIC (the model with the minimum value in the BIC), we write in the first place the number of the model to point out the best one. Followed by the second one that has the best BIC between the rest, and so on. We found from the comparison of the best BIC's that the success for Piso is ∼ 20.83%, for NFW ∼ 14.58%, Spano ∼ 45.83% and for Burkert ∼ 18.75%.
In columns 27 and 28 of Table I , we show in ascending order the models (1-4) according to the distance between Loess+Simex and best fit velocity curve (B DIST ) and the distance between the 1σ confidence bands for Loess+Simex and best fit velocity rotation curve, (B D1σ ), respectively.
From this table and according with the lower BIC, the lower distance B DIST and lower distance B D1σ , the percentage of galaxies satisfying the three conditions, i. e., galaxies that have the best values in all the cases, is the 47.91%. From this 47.91% of the analyzed galaxies, approximately the 60.86% points out to Spano as the most favored model and for NFW ∼ 17.39%, for Piso we found a percentage value of ∼ 13.04% and Burkert ∼ 8.69%.
The lower BIC and the lower distance B DIST have a preference of ∼ 20.83%, from which a 3% favors Spano, 40% to Burkert, NFW with 20% and Piso with the percentage value of 10%.
As an additional information we show the best χ 2 red , column 29 in Table I . As we mentioned before, the first number indicates the model with the lower χ 2 red . It is important to mention that in this group the number of parameters of each model is the same, therefore there is a consistency between AIC and BIC definitions where the selection of the most favorable model according to the AIC has a coincidence of 100% with the selection of the best BIC (in this case the model order for each galaxy according to AIC is the same according to BIC).
As a way to illustrate the considerable differences between the models studied in this work, by taking a look of the Best Model columns of Table I (columns 26-28) , we choose four galaxies where the distance between the fitting velocity curve and the nonparametric reconstructed curve (central lines and 1σ bands) is the biggest for the NFW model. Also in accord with the respective BIC results and χ 2 red , the four columns of the Best Model select NFW in the last place of the number code.
In Figs. 1 and 2 we show the observed rotation curves for four galaxies and the rotation curves that result from the fitting procedure with four models, Piso, NFW, Spano and Burkert. Also shown are the curves resulting from the nonparametric Loess-Simmex procedure. The cyan bands are the nonparametric reconstruction Loess+Simex and the red colors are for the best fit curves, 1σ and 2σ error bands, respectively. For the galaxies DDO 154, IC 2574, NGC 3109 and UGC00891 (Fig. 1) , and for NFW model the distance between the best fit and 1σ bands has a noticeable separation from the Loess-Simex band and in agreement with results shown in Table I . And in Fig. 2 we show that for the rotation curves NGC 0024, NGC 0247, NGC 3741 and UGC 05716, Spano and Burkert models are having the bigger distance between the 1σ confidence and the reconstruction Loess+Simex confidence bands, even the columns of the Best Model place Spano in the last place of the selection.
On the other hand, keep in mind that Loess+Simex can provide great assistance in model selection, particularly when the data are very noisy or have other features that make patterns difficult to see. Indeed, following [39] , a very simple way to assess the goodness of fit of a parametric model is by determining if the nonparametric fit falls within the parametric error bars. So, if we take a look at the Fig. 1 and the respective plots for the NFW model, for all the galaxies showed there, we note as we already said that the reconstructed curve lies outside the error bands of NFW model which indicates that this model does not appear to be a good fit to these data which in turns support our results that point out NFW is not the most favored model. The same argument can apply to the other figures.
Taking as reference the NFW model, we also studied the Schive and the Fuzzy models (SNFWDC and SNFWC) to compare the quantitative distances between the best fitting and the Loess+Simex method. From this group of models we compare core, cusp and fuzzy models, where in addition, these fuzzy models have the freedom to adapt themselves to the structure of each galaxy and reproduce core or cusp models. The position of r , Eq. (A14), can provide us the three different structures of a galaxy: Core (r > r max , being r max the last observed radius of the galaxy), Cusp (r ∼ r min with r min is the first observed radius of the galaxy) and Core+Cusp (r min < r < r max ).
The results of the analysis of this group of models are shown in Table II . Its description is similar to Table I. The important columns are 27-30 that give the Best Model values. Columns 27-29 are used to apply our selections criterion. Also, and in order to obtain an alternative classification value for the baryonic contribution in each galaxy, we compute δA V = 100
, where A V Bar is the total area enclosed by the baryonic velocity contribution, Υ Disk V 2 Disk + V 2 Gas and A V Obs , is the area under the velocity rotation curve of the observed data (in the radius range observed), see column 2 of Table II. Here, it is important to mention that we have three galaxies where the number of observed data is the same as the number of parameters for the SNFWC model (we use the * symbol, next to the galaxy name to identify these galaxies, see Table II ); in this case we are not reporting the χ 2 red and the P -value, but the other statistic quantities can be calculated.
In Figs. 3 and 4 we show the observed rotation curves for four galaxies and the rotation curves that result from the fitting procedure with four models, NFW, Schive and the Fuzzy models. Also shown are the curves resulting from the nonparametric Loess-Simmex procedure. The cyan bands are the nonparametric reconstruction Loess+Simex and the red colors are for the best fit curves, 1σ and 2σ error bands, respectively.
From Table II we studied the relationship between the lower BIC and the lower value from B DIST and B D1σ , and we found that ∼ 33.33% of galaxies satisfy the three conditions. In this case Schive has been selected with the 43.75% to be the most favored model, NFW with 31.25%, SNFWDC 18.75% and SNFWC obtained 6.25% of model selection coincidence. On the other hand, we found ∼ 14.58% of galaxies fulfill the criteria of lower BIC and lower B DIST from which, SNFWDC and SNFWC have ∼ 28.57% for each one and NFW has ∼ 42.85%.
It is important to mention that even when BIC and AIC have different penalty terms, the Best AIC is compatible with ∼ 72.91% of the Best BIC selection model, which give us a strong support for the Best Selection Model techniques used in this work.
According with the Best Model columns from Table  II , we observe that B DIST selection model is the same for the Fuzzy models (3 and 4) in 24 galaxies, and 11 galaxies where fuzzy models have the same B D1σ . If we considered the cases where B DIST and B D1σ have the same value for the Fuzzy models (3 and 4) we found that only 8 galaxies fullfill this condition, for example we take galaxy NGC 0247 and compare the two columns B DIST and B D1σ (from the Best Model column) and we found the combination (34) in first and second place of the numerical combination of models, respectively. This is because r (3) ∼ r min and r (4) < r min , which tell us that NFW model explains the structure for the rotation curve. For the other cases, galaxies DDO 064, DDO 168, KK 98-251 we obtain r (3) > r max and r (4) > r max , where Schive is the dominant model for the rotation curves; for UGC 05716, UGC 07399 and UGC 08490 r (3) < r min and r (4) < r min ; and for UGC 07524 r (3) = r (4) = 3.378 kpc.
Additionally, we note that Schive model has problems to fit the final data points and NFW to fit the initial data, instead Fuzzy models solve the two problems, the transition radius r for each SNFW model is the same for 13 galaxies, while, for the other 35 galaxies we have for SNFWDC (3), 0.11 < r (3) < 9.4 and for SNFWC (4), 0.15 < r (4) < 19.7. In the cases where SNFW models are the same, we use the B BIC in order to do the model selection because considers the penalty term for the number of parameters instead of taking the B D1σ which can lead to misleading results due error propagation in the Loess+Simex technique.
From Table II and according to the three columns of the Best Model it is possible to classify the galaxies DDO 064, DDO 168, F 571-v1, KK 98-251, NGC 6789, UGC 05986 and UGC 06399 as core type, where this criterion points out to Schive as the best model.
In a similar sense we can do the cuspy selection based on the two tables, observing that Galaxies UGC 05716 and UGC 08490 point out to NFW (with the three conditions fulfilled in both cases) as the most favored model. In the other hand, UGC 02259, UGC 05918 and UGC 12732 are selected to be cuspy from Table II , NGC 0247 and NGC 3741 from Table I , satisfying again the three Best Model columns.
If we make the comparison between the two tables (seven models) for NGC 0247, NGC 3741, UGC 02259, UGC 05918 and UGC 12732 we found:
• For NGC 0247 we compare the seven models and find that B BIC and B DIST points out to SNFWDC (3) and B D1σ selects NFW, if we analyze the fuzzy models we found that r (3) = 1.31 kpc and the minimum radius observed for this galaxy is r min = 1.08 kpc, in this case the major contribution in fitting the velocity of the galaxy comes from NFW (r (3) ∼ r min , Fig. 4) , therefore the fuzzy model is in agreement with Loess+Simex and the other conditions to classify the galaxy as cuspy.
• For NGC 3741, NFW satisfies B BIC and B D1σ and while the B DIST points out to SNFWDC, but r (3) = 0.268 kpc and r min = 0.23 kpc which NFW gives the most contribution to the galaxy structure, as an additional condition, we compare the B χ 2 red between the seven models and found that this points out to NFW, therefore, we can classify NGC 3741 as cuspy galaxy.
• For UGC 12732 we found that NFW satisfies B BIC and B DIST , while PISO satisfy B D1σ and the B χ 2 red points out to SNFWDC, where r (3) = 0.8 kpc and r min = 0.96 kpc, we can conclude that this galaxy is classified to be cuspy.
The other galaxies (UGC 02259, UGC 05918) can be excluded to be cuspy because of NFW satisfies only B DIST in both of them and Piso the others conditions from Best Model column.
And finally, in Fig. 3 we show four galaxies (D 631-7, DDO168, UGC 05764 and UGC 05986) with the four models (Schive, NFW, SNFWDC and SNFWC) from where, one can see that NFW has a noticeable distance between the confidence bands and from Table II , Best Model columns, we observe these galaxies have in common that NFW is in last place from the selection number code of models. In the figure it is displayed the best fit and 2σ confidence regions. In contrast we observed in Fig. 4 (for galaxies, NGC 0024, NGC 0247, UGC 05716 and UGC 08490) that Schive has a high distance between the reconstruction and the best fit 1σ confidence bands and also, Schive takes the last place in the selection model from the columns Best Model of Table II .
VI. CONCLUSIONS
In this work we have performed a non parametric reconstruction of galactic rotation curves by using the Loess+Simex technique as a method to discern between seven different models whose main objective is to explain the DM contribution within the rotation curves of galaxies. In order to show the efficiency of Loess+Simex and to report a quantitative result we have obtained the normalized area between the reconstructed curve and the fitted rotation curve, including also the area between 1σ bands. Due to we are comparing different models with different numbers of parameters, we use AIC and BIC information criteria methods in order to assess model fit while penalizing the number of estimated parameters and at the same time give support to Loess+Simex results. Thus, to perform model selection we use three conditions as a criterion to accept or reject models:
• B BIC : the best BIC value,
• B DIST : the area between the reconstructed curve and the rotation curve obtained with the best fit parameters, and
• B D1σ : the area between the 1σ reconstruction band and the 1σ model fitting band.
We give to each model a numerical code (1-4) which was ordered from the lowest value up to the higher one, according to any of the above requirements, indicating in the first place (1) the most preferred model by data. Furthermore, the DM models were separated in two groups (core + cusp and core + cusp + fuzzy models), in the first group we found that ∼ 47.91% of the galaxies satisfy the three conditions, where Spano is the most favored model with ∼ 60.86% and the NFW model results to be the rejected one, appearing in last place according to the three conditions with the ∼ 65.21%. From the second group we found that Schive is satisfying the three conditions with a 43.75%, while Schive model result to be the rejected model with the 31.25%.
By performing a comparison between these three conditions we could do a Core and Cusp classification for some of the galaxies what we have worked with, obtaining DDO 064, DDO 168, F 571-v1, KK 98-251, NGC 6789, UGC 05986 and UGC 06399 as core type, by the other hand, NGC 0247, NGC 3741, UGC 05716, UGC 08490 and UGC 12732 can be classified as cusp galaxies, in some cases when the FUZZY models were selected by one or more of the criteria used here, the transition radius it was important to make the classification, where we observed the cases when r ∼ r min pointing out to NFW as the best model to explain the structure of the galaxy and making Loess+Simex technique stronger as a model selection.
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Statistics Galaxy δAV SCHIVE (1) NFW (2) SNFWDC (3) SNFWC (4) BEST MODEL (1) , NFW (2), SNFWDC (3) and SNFWC (4) models. The galaxies with * have four data points. In the Columns 27-30 we associated the number code, mentioned before for each model, to select in ascendent order the best BIC, best distance between model and Loess+Simex, the best 1σ bands distance from the model and Loess+Simex and the best χ 2 red value. The numbers inside of () means the same value (or BIC). Table II . In the figure we show the reconstruction Loess+Simex 1 and 2σ bands in cyan color, the best fit for the four models studied in the second group including 1 and 2σ bands in red and the vertical lines correspond to r (transition radius for the fuzzy models, Eq. (A14)). Table II . In the figure we show the reconstruction Loess+Simex 1 and 2σ bands in cyan color, the best fit for the four models studied in the second group including 1 and 2σ bands in red and the vertical lines correspond to r (transition radius for the fuzzy models, Eq. (A14)).
r , ρ WDM (r ) = ρ NFW (r ). With these conditions we have only three free parameters r w , r and ρ w , wherê 
